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The short- and long-term results of etTective surgical 
repair of coarctation of the aorta on left ventricular mass 
and function in 48 patients were evaluated using echo•
cardiography and stress-gated radionuclide angiogra•
phy. Thirty-two of the 48 patients who had no additional 
cardiac problems and had technically adequate radio•
nuclide angiograms form the basis for this report. Among 
these, three had mild systolic hypertension and none had 
significant aortic valve dysfunction. Age at the time of 
study ranged from 6.5 to 59 years (mean 27). Age at the 
time of surgery ranged from 3 months to 34 years (mean 
12 years). Duration from surgery to the time of nonin•
vasive study ranged from 2 to 29 years (mean 15). 
In the 32 patients, left ventricular mass was 120 ± 
20 g/m2, compared with a control value of 87 ± 10 g/m2. 
Mean left ventricular ejection fraction was elevated to 
Although a great deal has been reported concerning the 
short- and long-term results of surgical correction of coarc•
tation of the aorta (1-10), several questions merit further 
study: ideal age for surgery, ideal operation considering the 
exact type of coarctation and the long-term effects on the 
peripheral circulatory bed and the heart itself. Accordingly, 
we initiated an evaluation of patients who were surgically 
treated at the University of Virginia Medical Center between 
1955 and 1983. This study was intended to determine pos•
sible relations between the age at the time of surgery and 
the type of surgical procedure and any findings of cardio•
vascular problems such as residual hypertension (11) or 
abnormal ventricular function observed several years after 
the surgical procedure. Soon after this study began, it be•
came clear that the most common and striking abnormality 
in these patients was left ventricular hyperkinesia. This was 
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69.2 ± 1.6% at rest (control 60 ± 1.3%) and 78.8 ± 
1.3% during exercise (control 70 ± 1.7%) (p < 0.01). 
The systolic ejection rate was significantly increased 
(p < 0.01) and end-systolic volume significantly de•
creased (p < 0.01) compared with values in control pa•
tients. There was no correlation between ejection frac•
tion and either age at the time of surgery or years since 
surgery. 
These findings of hyperdynamic left ventricular func•
tion and increased left ventricular mass without appar•
ent cause many years after coarctation repair raise im•
portant questions as to mechanisms, extension to other 
forms of afterload stress that have been surgically or 
medically relieved and long-term outcome. 
(J Am Coli CardioI1985;6:879-86) 
found with unexpected frequency in patients who had re•
mained clinically normotensive in the years after the surgical 
procedure and was unrelated to the age at time of surgery 
or the number of years between surgery and this study. This 
finding of persistent left ventricular hyperkinesia after suc•
cessful surgical repair of the coarctation is the subject of 
the present report. 
Methods 
Study patients. The 48 patients reviewed for this study 
represent a consecutive series of patients who agreed to 
participate. The study protocol was approved by the Human 
Investigation Committee on October 4, 1982 and Radiation 
Safety Committee on September 23, 1982. The patients had 
responded to a letter and informed consent form sent out 
from a registry of postoperative coarctation patients sur•
gically treated between 1955 and 1983. Approximately 150 
letters were sent out. These were the first 48 who responded. 
Ten of the 48 had additional cardiac defects or significant 
aortic valve dysfunction and therefore were excluded from 
this evaluation. Patients were not included in this study if 
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they had more than a faint short descresendo diastolic mur•
mur along the left sternal border or clinical and echocar•
diographic evidence of significant aortic stenosis. Doppler 
echocardiograms were obtained when such equipment be•
came available nearly halfway through the study. Readable 
gated radionuclide angiograms were not obtained in an ad•
ditional six patients who were therefore excluded. Of the 
remaining 32 patients who form the basis of this study, 18 
were male and 14 were female. Age at the time of surgery 
ranged from 3 months to 34 years (mean 12 years). Years 
between surgery and the study ranged from 2 to 27 years 
(mean 15). Operations were end to end anastamoses, patch 
aortoplasty or subclavian pulldown. 
Control subjects. Normal values and ranges for the 
radionuclide angiographic variables were obtained from a 
group of 22 healthy adults (18 male and 4 female) being 
studied to determine the effect of training on cardiovascular 
function (12). The age range of this group was 23 to 49 
years with a mean age of 40 which was on the average 13 
years older than the coarctation repair patients. Eleven were 
sedentary and 11 had undergone moderate endurance train•
ing in a prescribed running and jogging regimen. No sig•
nificant differences were found in the indexes of ventricular 
function between the trained and untrained group and all 
values were pooled for the purpose of this study. 
Blood pressure gradient. A routine history and phys•
ical examination were obtained after the patient was ad•
mitted to the Clinical Research Center. In this center, 7 to 
10 simultaneous right arm and leg blood pressure deter•
minations were made by two nurses who then changed places 
and repeated the determination. A gradient from arm to leg 
pressure was declared positive when more than 75% of the 
readings indicated a positive gradient; it was declared neg•
ative when fewer than 25% of the readings indicated a 
positive gradient and declared borderline when readings were 
between 25 and 75%. Gradients were also evaluated using 
Doppler pulse volume recordings in the peripheral vascular 
laboratory . 
Echocardiography. All the subjects in the coarctation 
repair group underwent echocardiographic evaluations with 
special emphasis on the anatomy and function of the left 
ventricle, the aortic valve and the site of coarctation. 
M-mode echocardiographic measurements of septal and 
posterior wall thickness and left ventricular diameter were 
made at end-systole and end-diastole by two observers sep•
arately (R.J. and D.T.) and later averaged. If disagreement 
was significant, a second assessment was obtained and a 
concensus formed. Left ventricular mass determinations were 
made according to the formula proposed by Devereux and 
Reichek (13). Mass was then indexed for body surface area. 
On the basis of reported data (14-18), we used 87 ± 10 
g/m2 as the normal value for left ventricular mass. 
Radionuclide angiographic studies. Adults were given 
an injection of 20 mCi of technetium-99m pertechnetate 30 
minutes after the injection of unlabeled pyrophosphate. Se•
quential scintiphotographs and computer image frames were 
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recorded at a ratio of lis during the first pass of the injected 
bolus. After blood pool equilibrium had been achieved, 5 
minute gated images were recorded at rest in the anterior 
and 45° left anterior oblique projections. The gated studies 
were in 64 x 64 resolution over a 10 inch (25.4 cm) field 
and 16 frames were recorded per cardiac cycle. Gating was 
derived from a Hewlett-Packard model 78332A QRS monitor. 
The patients were then positioned for supine bicycle ex•
ercise and a repeat study at rest was accumulated in the 45° 
left oblique projection for a 2 minute period. Bicycle ex•
ercise was initiated for a 3 minute interval with data ac•
quisition performed for the last 2 minutes. Exercise was 
increased and the study repeated until a maximal sustained 
exercise level was achieved. Distribution of the RR intervals 
was recorded by computer and the histograms were analyzed 
visually to confirm adequate heart rate stability. 
Left ventricular volume curves were generated using the 
MDS-MUG semiautomated method. Left ventricular bor•
ders were determined primarily from the zero points in the 
second derivative surface (19) but with a threshold as a 
secondary backup edge in regions where second derivatives 
were not well defined. The left ventricular volume curve 
was printed on a line printer. All subsequent data analyses 
were based on the printed copy. 
The ejection fraction and volume measurements were 
based on the maximal end-diastolic and minimal end-sys•
tolic counts recorded in the printed volume curves. A con•
ventionallinear least squares curve-fitting routine was used 
to fit a straight line segment to the four or five points just 
before and just after end-systole. These measurements in•
dicate the average systolic ejection velocity and early dia•
stolic filling velocity expressed as end-diastolic volume/s. 
Two minute studies were used to compare the exercise end•
diastolic volume. Thus, in each patient the end-diastolic 
volume at rest was considered to be one unit and all other 
volumes were expressed relative to that unit. The exercise 
cardiac output was compared with the rest cardiac output 
by normalizing the cardiac output at rest to 1 and computing 
the exercise cardiac output from the product of heart rate 
and stroke volume represented by the normalized systolic 
and diastolic volumes. 
These relative measurements do not provide absolute val•
ues of liters for volume or liters/min for cardiac output. 
However, the use of relative units does allow more accurate 
comparisons to be made between rest and stress or between 
patients and control subjects because it avoids the require•
ment for detector efficiency, gamma-ray scatter and atten•
tuation corrections that are still of questionable accuracy 
and reproducibility. 
Results 
All patients were asymptomatic at the time of the 
study. Pertinent historical, clinical, echocardiographic and 
radionuclide angiographic data are presented in Table 1. 
From the blood pressure readings, 7 patients had a positive 
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Table 1. Pertinent Data From the 32 Patients With Coarctation Repair 
Case 
2* 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14* 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29* 
30 
31 
32 
Age at 
Study (yr) 
23 
12 
23 
38 
30 
28 
35 
34 
29 
16 
59 
7 
24 
17 
32 
32 
37 
9 
19 
12 
14 
19 
29 
19 
38 
18 
14 
13 
18 
37 
10 
53 
Age at 
Surgery (yr) Sex 
16 F 
5 M 
2213 F 
II M 
3'Y4 M 
7% F 
9 F 
24 F 
19 F 
3 mo. F 
32 M 
31/2 M 
3 M 
6 M 
18 M 
12 M 
19 F 
5\12 M 
6 F 
7\12 M 
12 M 
I mo. F 
8 M 
9 F 
23 F 
14 M 
3 M 
7 F 
12 M 
23 F 
Ilh M 
34 M 
Aortic 
Valve 
B 
E 
B 
B 
E 
N 
N 
B 
E 
E 
E 
B 
B 
B 
E 
N 
N 
E 
E 
B 
N 
N 
B 
B 
N 
B 
B 
N 
N 
N 
B 
E 
Click 
o 
o 
o 
o 
o 
o 
o 
o 
o 
+ 
+ 
o 
+ 
+ 
+ 
+ 
o 
+ 
+ 
o 
o 
o 
o 
+ 
o 
+ 
+ 
o 
o 
o 
o 
o 
Min 
AI 
1+ 
1+ 
o 
1+ 
1+ 
o 
o 
o 
o 
o 
o 
1+ 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Av RA 
BP 
100172 
128/60 
126/82 
114/68 
116/68 
126/64 
138/80 
130174 
122170 
116174 
152176 
110178 
118170 
144/80 
130/80 
124/84 
122174 
120/80 
112170 
110170 
112170 
110170 
134/84 
122176 
150170 
125/85 
120/80 
114/80 
142/90 
128/82 
108/68 
150/88 
Ward PVR 
Gradient Gradient 
± 0 
± 0 
+ 0 
o 0 
o ± 
± ± 
± 30 
o 0 
+ 20 
± ± 
o 0 
+ 20 
± 0 
± 40 
± ± 
o ± 
± ± 
± 20 
+ 40 
± ± 
o 0 
± ± 
o 0 
± 0 
+ 40 
o 20 
± 0 
± ± 
+ 20 
± ± 
± 20 
+ o 
EF 
Rest(%) 
68 
61 
66 
76 
78 
84 
70 
70 
70 
72 
70 
91 
58 
95 
70 
59 
62 
65 
68 
56 
68 
64 
70 
54 
76 
68 
66 
65 
68 
69 
71 
67 
EF 
Ex(%) 
77 
86 
75 
84 
90 
90 
84 
79 
75 
79 
79 
89 
77 
90 
80 
79 
90 
88 
72 
72 
81 
63 
73 
64 
78 
72 
70 
82 
71 
81 
86 
66 
NCO 
o 
o 
+ 
+ 
+ 
+ 
o 
+ 
o 
o 
o 
o 
+ 
+ 
+ 
o 
+ 
+ 
o 
o 
+ 
o 
o 
o 
+ 
o 
o 
o 
o 
o 
+ 
Patients are listed in the order in which they were studied. B = bicuspid, click = fixed systolic click at the base; E = eccentric; EF Ex = ejection 
fraction by radionuclide angiography with exercise; EF Rest = ejection fraction by radionuclide angiography at rest; F = female; M = male; Min AI 
= minimal aortic insufficiency; N = normal; NCO = near left ventricular cavity obliteration with exercise; PVR gradient = arm to leg pressure gradient 
determined by pulsed volume Doppler recordings; RA BP = systolic and diastolic right arm blood pressure obtained in mUltiple determinations on the 
ward; Ward Gradient = arm to leg blood pressure gradient at rest determined by cuff blood pressure on the ward; + = more than 75% of readings 
indicating a gradient; ± = between 25 and 75% of readings indicating a gradient: 0 = 25% or less of readings indicating a gradient; * = systolic 
hypertension. 
gradient, 8 a negative gradient and 17 a borderline gradient. 
Three of the younger patients had mild systolic hypertension 
by the standards of the task force on blood pressure control 
in children (11). Diastolic pressures were all normal. Five 
(16%) of the 32 patients had trivial aortic insufficiency as 
defined previously. By physical examination and echocardi•
ography, none had significant aortic stenosis. However, there 
were 13 patients with a bicuspid aortic valve and 9 with an 
eccentric trileaflet aortic valve. 
Electrocardiographic data. The pertinent finding in the 
electrocardiographic analysis was that in 3 of the 48 patients 
a pattern of left ventricular hypertrophy progressed to left 
ventricular "strain." In all three, this change had occurred 
recently, more than 15 years after surgery (Table 2). All 
three had had a good result from surgery, were normotensive 
and without significant aortic valve dysfunction. One, Pa•
tient 33 in Table 2, was not included among the 32 patients 
without complications because he was thought, by echo•
cardiogram and electrocardiogram, to have a myopathy. 
Echocardiographic left ventricular maSs. Satisfactory 
M-mode echocardiograms were available in 31 of the 32 
patients with coarctation repair. Mean left ventricular mass 
was 120 ± 20 g/m2 (SD) ± 4.4 (SEM) with a range of 75 
to 206 g/m2. Left ventricular mass was 120 g/m2 or greater 
in 17 patients, only 1 of whom had mild systolic hypertension. 
Rest and exercise hemodynamics (Table 3, Fig. 1). The 
mean heart rate at rest and mean peak exercise heart rate 
in the control and coarctation repair groups were similar. 
Likewise, there was no significant difference in systolic 
pressures recorded for the two groups, either at rest or with 
exercise. Rate-pressure products at rest were not statistically 
different, nor was the change in cardiac output with exercise. 
The peak rate-pressure product achieved with exercise for 
the control group and the coarctation repair group were 
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Table 2. Data on the Three Patients Who Developed Left Yentricular Strain More Than 15 Years After Coarctation Repair 
Age at Age at EF EF Cav TV, TV, SVI + RV, SVI + RV, Width RV, Width RV, 
Case Surgery (yr) Study (yr) Rest(%) Ex(%) Oblit Surg Study Surg (mm) Study (mm) Surg (s) Study (s) 
5 3% 30 78 90 + t t 36 40 0.04 0.04 
34 34 53 67 66 0 t t 25 13 0.04 0.08 
33* 13 35 55 51 0 i ~ 38 25 0.04 0.08 
*This patient was not included in the 32 patients of Table I because he was considered to have a myopathy. All three patients were normotensive 
at rest and without significant aortic valve dysfunction. Cav Obi it = left ventricular cavity obliteration by radionuclide angiography with exercise; SV I 
+ RVs study = amplitude in mm of S wave in lead VI + R wave in lead Vs at the time of the study; SV I + RV, Surg = amplitude of S wave in 
lead V I + R wave in lead V s at the time of surgery; TV, Study = direction of the T wave in lead V, as inverted or upright at the time of study; TV s 
Surg = direction of the T wave in lead Vs at the time of surgery; Width RVs Study = width of the R wave in lead Vs at the time of study; Width RV, 
Surg = width of the R wave in lead Vs at the time of surgery. 
nearly identicaL The average values for all of these variables 
were the same within expected statistical variation deter•
mined on the basis of Student's t distribution, 
Radionuclide data (Table 3, Fig. 2 to 4). There was 
a striking and highly statistically significant increase in rest 
and exercise ejection fractions of the postoperative coarc•
tation patients as compared with the control subjects. In 
addition to the increased quantitative determinations, the 
video images gave a frequent visual impression of complete 
or near complete systolic cavity obliteration, This occurred 
in 13 of the 32 patients with coarctation repair but was not 
observed in any of the control subjects. 
Figure 3 shows the relative diastolic and systolic volume 
changes with exercise. Diastolic volume at rest in the two 
groups could not be compared in an absolute sense because 
of normalization of this value to unity. On average, there 
was a slight increase in diastolic volume during exercise 
that was almost identical for the coarctation and control 
groups. Both groups also demonstrated a similar decrease 
in end-systolic volume during exercise. The coarctation group 
had a smaller relative systolic volume both at rest and during 
exercIse. 
Figure 4 summarizes the change in systolic ejection and 
diastolic filling velocities at rest and with exercise. The 
diastolic filling variables were similar in the two groups but 
the systolic ejection rates were higher in the coarctation 
group. 
Statistical analysis (Fig. I), based on an unpaired t score 
with significance levels determined from a two-tailed dis•
tribution, demonstrates the highly significant difference ob•
tained for ejection fraction, relative end-systolic volume and 
ejection rates. These differences are all significant at well 
above the probability (p) level of less than 0.01. There was 
a difference of marginal statistical significance indicated for 
filling velocity at rest. All other variables were well within 
the range of statistical nonsignificance, indicating that the 
average values could be considered the same for both groups. 
In summary, although the ejection fraction of some in•
dividual patients with coarctation repair was in the normal 
range, the average values for the group were clearly elevated 
both at rest and during exercise. Similarly, the systolic ejec•
tion rate was higher and relative end-systolic volumes were 
lower. All other variables were generally comparable in the 
two groups. 
Sources of error in ejection fraction calculatio~. 
Standard methods were used for radionuclide angiography. 
A few of the younger patients in the coarctation group had 
more noticeable sinus arrhythmia at rest, which usually dis•
appeared with exercise. If error had been introduced by this 
factor, it would have resulted in a lower computed value of 
Figure 1. The mean values of the indicated variables obtained 
from the control group (n = 22) and the coarctation (Coarc) group 
(n = 32) are compared by using an unpaired I score to test for 
differences in the mean values. The ejection fraction (EF) and 
ejection velocity (YEL) were higher in the coarctation group and 
the end-systolic volume (ESY) ratios were lower in the coarctation 
group at well above the p = 0.01 level of significance. There was 
a marginally significant difference between the diastolic filling 
velocities at rest; all other values were within the range indicating 
no significant differences of mean values obtained for the two 
groups. Unidentified abbreviations as in Tables I and 2. 
Rest Heart Rate 
Ex Heart Rate 
Rest Systolic BP 
Ex Systolic BP 
Rest RPP 
Ex RPP 
% Increase in CO 
Rest EF 
Ex EF 
Rest ESV 
Ex ESV 
Rest Ejection VEL 
Ex Ejection VEL 
EK EDV 
Rest Filling VEL 
Ex Filling VEL 
Coarc and Control Coarc and Control 
Values Statistically Values Different 
Equal 
f--
t Coarc > Control 
f- " Coarc < Control 
~ 
... 
.. 
... ... 
... -
p=O.05 °t (2-tail N-521 Non-Significant I Significant 
2 3 4 
I-score for Differences in Mean Values 
JACC Vol. 6, No.4 
October 1985:879-86 
CARPENTER ET AL. 883 
LEFT VENTRICLE AFTER COARCTATION REPAIR 
Table 3. Comparison of Patients with Repair of Coarctation and Control Group 
At Rest During Exercise 
Control Coarctation Control Coarctation 
Variable Group Group Group Group 
Heart rate 7S ± 25 76 ± 12 145 ± 10 139 ± 23 
Systolic blood pressure 124 ± 7 131 ± 17 185 ± 27 183 ± 27 
RPP x 10 9.3 ± 3 10.2 ± 2 26.8 ± 4 25.5 ± 6 
Increase in CO NA NA 2.6 ± 0.5 2.3 ± 0.7 
Ejection fraction 59.2 ± 6 69.2 ± 9 69.7 ± 8 78.8 ± 8 
ESV ratio 0.41 ± 0.06 0.31 ± 0.09 0.35±0.11 0.24 ± 0.13 
Ejection velocity 2.4 ± 0.4 2.8 ± 0.4 3.6 ± 0.7 4.6 ± 1.3 
EDV ratio NA NA 1.15 ± 0.3 1.12 ± 0.3 
Filling velocity 2.2 ± 0.5 2.7 ± 0.9 5.2 ± 0.8 4.9 ± 1.4 
All values are expressed as mean ± standard deviation. CO = cardiac output; EDV ratio = exercise end-diastolic/rest end-diastolic volume; ejection 
and filling velocities = end-diastolic volume/3 cc; ESV ratio = end-systolic volume as fraction of rest diastolic volume; NA = not applicable; RPP = 
heart rate-blood pressure product. 
ejection fraction at rest. Additionally, many of the coarc•
tation subjects had near cavity obliteration during systole. 
With these subjects, edge detection is more of a problem 
on the end-systolic frames, and there may be increased 
contribution from left atrial crosstalk. These effects would 
cause the computer to overestimate the residual end-systolic 
volume and again result in underestimation of the calculated 
ejection fraction. Because these effects were observed pri•
marily only in the coarctation group, they could have produced 
Figure 2. Ejection fraction computed at rest and during exercise 
in control subjects (left) and patients with coarctation repair (right). 
The filled circle indicates the value of ejection fraction at rest. 
The short horizontal bar at the top or bottom of the vertical line 
extending from the filled circle indicates the ejection fraction achieved 
during maximal exercise. The length of the vertical line indicates 
the amount of increase (upward line) or decrease (downward 
line) of ejection fraction with exercise. Subjects 1 to 11 were 
trained by participation in a moderate running-jogging regimen. 
Control subjects 12 to 21 were sedentary. Mean values (± SEM) 
are indicated to the right of the individual data points for the control 
subjects. The 32 patients with coarctation repair are in the subgroup 
with uncomplicated coarctation and the mean values are indicated 
to the left of the data points. 
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a systematic bias tending to lower the average value of 
ejection fraction obtained for this group. However, regres•
sion analysis indicated no correlation between age and ejec•
tion fraction and age could not be identified as a statistically 
significant factor in the difference between the control and 
the coarctation group (Fig. 5). 
Discussion 
The increased rest and exercise ejection fraction, in•
creased ejection velocity, reduced systolic volume and the 
evidence of increased or upper limit of normal values for 
left ventricular mass seen in these normotensive patients 
without complications up to 27 years after effective repair 
of the coarctation raise important questions. 
Postoperative increase in left ventricular mass. What 
is the mechanism for sustained left ventricular hypertrophy 
up to 27 years after normalizing the pressure-overloaded 
Figure 3. The end-diastolic volumes at rest for all patients were 
arbitrarily set equal to 1. The remaining volumes were all computed 
as a percent of this value. Symbols and values of the mean are as 
in Figure 2. 
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Figure 4. Systolic ejection velocity (below) and diastolic filling 
velocity (above) are expressed in tenns of end-diastolic volumes 
(EDV) per second for control subjects (left) and patients with 
coarctation repair (right). There was a significant increase in ejec•
tion velocity, especially with exercise, in the patients with coarc•
tation repair. 
left ventricle? Most reports (20-29) dealing with human and 
experimental animals suggest that hypertrophy decreases but 
does not disappear after successful elimination of afterload 
stress. The change in left ventricular geometry that occurs 
with concentric hypertrophy may lead to inefficient function; 
thus, more muscle mass may be required even after the 
original cause of increased mass is removed because normal 
geometry is not restored. With hypertrophy, the resonance 
phenomenon-the mechanical matching of myocardial mass 
and elasticity to systemic loading-is affected and the re•
sulting mismatching could require the ventricle to compen•
sate not only for the pressure overload but also for its own 
self-imposed inefficiency, thereby preventing complete 
regression of hypertrophy. However, we believe that hy•
pertrophy associated with this mechanism would result in a 
normal ejection fraction rather than in the increased ejection 
fraction observed in our patients. 
Increased sympathetic tone. Another mechanism that 
could produce the increased ejection fraction and sustained 
myocardial hypertrophy seen in our patients is an autonomic 
imbalance with chronically elevated catecholamine produc•
tion. Benedict et al. (3) found a 750% increase in plasma 
norepinephrine concentration after coarctation repair. Six 
months postoperatively, it was still twice the normal value. 
In contrast, other types of surgery produced a 50% increase 
in plasma norepinephrine that lasted only for hours. Laks 
et al. (31,32) infused dogs with norepinephrine chronically 
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Figure 5. Ejection fraction at rest and during exercise plotted 
against age (A) at the time of surgery and (B) at the time of study. 
over a 3 month period. The dose was sufficiently small so 
that there was no increase in pulse rate or arterial blood 
pressure. The result was a significant increase in both stroke 
volume (from 38 ± 3.3 to 67 ± 8 cc) and muscle mass. 
Mean end-diastolic volume was increased by 17 cc and mean 
systolic volume was decreased by 12 cc; the mean ejection 
fraction increased from 52 to 76%. 
In recent years, data from animal models of hypertension, 
in particular the spontaneously hypertensive rat (22), and 
from human beings (20) have strongly suggested that regres•
sion of hypertrophy in effectively treated hypertension de•
pends on the drug or drugs used. Regression is substantial 
when a norepinephrine antagonist is used but is minimal 
when simple diuretic drugs or vasodilators are used. 
In the early phases of both hypertension and aortic ste•
nosis (29), there is increased left ventricular mass associated 
with increased ejection fraction, shortened systolic ejection 
period, labile systolic hypertension, increased cardiac index 
and, usually, increased pulse rate. All of these changes 
suggest increased sympathetic tone. In our patients with 
coarctation, postoperative regression of left ventricular hy•
pertrophy did not appear to be complete and cardiac dy•
namics may have returned to the same point seen in the 
early phases of hypertension and aortic stenosis. Similar 
findings have been noted after aortic valve replacement in 
the young patient (personal observation) and after the suc•
cessful control of essential hypertension (28). 
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Why did 4 of the 32 patients have normal rest and ex•
ercise ejection fraction and an additional 4 a normal rest 
ejection fraction but high exercise ejection fraction? Age at 
the time of surgery or study (Fig. 5 and 6) did not correlate 
nor did left ventricular mass or mass index. There was no 
correlation with the presence or absence of an arm to leg 
pressure gradient on the ward or with arm and leg pulse 
volume recordings. 
Relation of findings to other pressure load states. Is 
the phenomenon of hyperdynamic left ventricular function 
seen in this study confined to surgically treated patients with 
coarctation or is it present after the successful treatment of 
other forms of pressure overload? The former hypothesis is 
a possibility. Coarctation of the aorta is frequently associ•
ated with an abnormal aortic valve, and there may also be 
a myocardial abnormality. However, the second hypothesis 
seems more probable. Schlant et al. (28) studied 68 patients 
with serial echocardiograms at rest over a 5 year period after 
successful treatment of essential hypertension. In this 5 year 
span, the mean ejection fraction increased from 68 to 79%. 
Although indexes of left ventricular mass decreased signif•
icantly, variables did not return to normal. Sonotani (25) 
and Dunn (26) and their coworkers both found a decrease 
in left ventricular thickness but not to the normal range in 
successfully treated hypertensive patients. Preoperatively, 
coarctation of the aorta and aortic stenosis in children are 
associated with increased left ventricular mass, increased 
ejection fraction and shortening fraction (15,33). Strauer 
(16) reported similar findings in patients with essential hy•
pertension provided that coronary artery disease was not 
present. Thus, before treatment, findings in patients with 
essential hypertension and in patients with aortic stenosis 
are similar to those in patients with coarctation studied pre•
operatively, provided that the left ventricle is healthy. One 
might expect similar findings would be found in all three 
groups after correction. 
Potential for ultimate left ventricular dysfunc•
tion? Do persistent hypertrophy and hyperdynamic left 
ventricular function during rest and exercise adversely affect 
the heart over many years? When left ventricular hypertro•
phy becomes severe enough to produce electrocardiographic 
evidence (33,34), there is a distinct increase in the incidence 
of ventricular extrasystoles (35,36). However, differences 
in the incidence of ventricular extrasystoles have not been 
established between normotensive patients and those with 
hypertension and no electrocardiographic evidence of left 
ventricular hypertrophy (35). 
Myocardial oxygen consumption is partly dependent on 
left ventricular mass. An increase in oxygen consumption 
occurs after an increase in mass (34,37) and there is a 
decrease in coronary reserve (38) because of an ever greater 
imbalance between muscle growth and vascular growth. 
These two adverse effects of hypertrophy may have little 
effect during childhood and early adulthood but if coronary 
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atherosclerosis develops later in life, the prognosis may be 
worsened. This could account for the increased incidence 
of cardiovascular deaths in patients with surgically treated 
coarctation patients noted by Mason et al. (1). 
The observation in three patients of an abnormal electro•
cardiographic progression without apparent cause may be 
important (Table 2). It could represent a progression from 
a high ejection fraction at rest increasing with exercise to a 
low ejection fraction decreasing with exercise, from left 
ventricular hypertrophy to strain and then lower voltage and 
a widening R wave over the left precordium. This progres•
sion could represent one end result of years of left ventricular 
hyperkinesia and continued hypertrophy. It occurred in 3 
(6%) of our total group of 48 patients, but it occurred in 
21 % of the 14 patients followed up for more than 15 years 
after surgery. 
Implications for therapy. Answers to these questions 
are required to determine whether treatment of the hyper•
dynamic ventricle is indicated. It seems likely to us that 
treatment of patients with pressure overload of all types 
should first consist of correcting the cause surgically or 
medically, and then medically abolishing the residual hy•
pertrophy, if possible, perhaps with adrenergic blocking 
drugs. This approach is still speculative and requires further 
study. 
Conclusions. Our findings indicate that patients after 
repair of coarctation of the aorta manifest left ventricular 
systolic hyperkinesia at rest and with exercise, have a re•
sidual increased myocardial mass and have normal diastolic 
filling indexes at rest and during exercise. No correlation 
was found between the rest and exercise ejection fraction 
or cavity obliteration and age at the time of surgery, age at 
the time of study and years between surgery and the study. 
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